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Polymer 



Fteld of tho Invention 

This Invention relates to semiconductive polymers, their eynthesie end use in optical 
devices. 

Background of the Invention 

Eledrodctive polymers are now frequently used In a number of optical devices such as 
In polymeric light emitting diodes ("PLEDs") as disclosed In WO 90/13148, photovoltaic 
devices as disclosed In WO 96/16449 and photodetedora as disclosed in US S5235SS. 

A typical PLED comprises an organic elec^olumlnesGent layer located between an 
anode and a cathode. In operation, holes ate injected Into the device throuE^ the anode 
and elec^ns are Injected Into the device through the cathode. Holes enter the high^ 
occupied molecular orbital ("HOMO^ of the ele^droluminescent polymer and electrons 
enter me lowest unoccupied molecular orbitel ("LUMO")and then combine to fonn an 
exciton which undefgoes radiative decay to give light The colour of Rght emitted from 
the electroluminesoent polymer depends on its HOMO-LUMO bandgap. 

An electron tren^>ort material Is commonly used to assist in transport of electrons from 
the cathode to the LUMO of the elactrolufninesoent polynner and thus increase device 
efficiency. Suttable eleolron transport materials are those having a LUMO level telling 
between the LUMO level of the electroluminescent polymer and the workfunction of the 
cathode. Similarly, a hole transporting material having a HOMO level falling between the 
workfirnctton of the anode and the HOMO level of the emissive material is commonly 
used. For example. WO fid/481 ao discloses a blend of a hole transporting polymer, an 
electron trartsportlns polymer and an electroluminescent polymer. Alternatively, the 
electron transporting functionality and the emissive fundionanty may be provided by 
different blocke of a blod^ copolymer as disclosed In WO 00755927. 

A focus in the field of PLEDs has been the development of full colour displays for which 
red, green and blue electroluminescent polymers are required - see for ^cample 
Synthetic Metels 111-112 (2000), 125-126. To this end, a large body of woric has been 
reported in the development of electroluminescent polymers for each of tfiese three 




Qoloure with red, grean and blue emissfon as defined by PAL dtandani 1S31 CE co- 
ordinates. 

A difficult enoQunterad wHh blue elsclroluminesDent polymers Is that fheir lifettme (l.e. 
the time taken for brightness to halve from a given stBriing brightness at iixed Oirrent) 
tends to be shoriter than that of coiresponding red or green materials. One of the fiBclore 
VnsA has been proposed as contrtbufing to the more rapid degradation of Wue inateriBls 
Is that their LUMO tevais, and oonaequently the energy level of the charged slala 
fbUowiIng injection of an electron Into the LUMO, tends to be less deep than those of 
corresponding red or green materials, tt Is thereibre possible thai materiels comprising 
these lower electron afflnltiea aia lesa eieclrochemlcally slat^ and ttieielbre more prone 
to degradation. 

For slmplldty. a liill colour display will preferably have ihe same cathode material for all 
three electroluminescent matertala. This results In tha further problem that Ihe eneigy 
gap between the LUMO and the worMUncBon of the cathode for a typical blue 
etectrolumlneeoent polymer Is greater than that for a tyidoal red or green 
electrolumlneaoent polymer Thia may contributa to lowfer efffclaricy. 

Clearly, assisted electron Injection Into blue eleotfolumlnasoent polymers is desirable, 
however the choice of electron transporBng material is constrained by the fact *iat Ihe 
emls&ive material ie deneraily that with the smallest bandgap. This lirrritetkin Is 
particularly reslrioQve m the case of blue etectrolumlnesoent pdymers since the bandgap 
required Ibr blue emission Is the largest of red. green and blue. 

Chains of fluDrene nepeat unHs» such as homopolymers or block copolymers comprising 
dlalkylfluofene repeat unHs, may be used as electron transporting materials. In addition 
to their electron transporting properties, polyfiuorsnes have the advantages of being 
soluble In conventional organic solvents and have good film forming properties. 
Furthermore, fluorene monomers are amenable to Yamamoto polymerisation or Suzuki 
polymerisation which mables a high degree of control over the regksregularfty of ttie 
resultant polymer* 

One example of a polyfluorene based polymer Is a blue electrolumineacent polymer of 
formula (a) disclosed in WO 00/65927: 



2 



06/11/2002 18:26 +4411223-723542 , . CDT IP DEFT 



PAGE 09 




"PFB" 



(a) 

wher^nw-fx+y Bl,wa0.5»0'6x + y«0.5andna:2. 

In this polymer, chains of dioctyliluorBna, denoted ss F8, funcHon as tha etednon 
transport material: the triphenylamlne denoted as TFB funcBons as the hols transport 
material and the bIa(dlptwnyiamlno)ben26ne derfvaUva denoted as PFB ftrndtona aa the 
endash/e material. 

WO 94/29883 diaolosea use of electron withdrawing groups, partlculariy nitrile groups, 
ae aulialituenta on electrolyrrtnescent polymers for the purpose of reducing the barrier 
to electron injection batwtfean a Mgh worWunefion electrode and the eleclralunfrfneaoent 
polymer, TOs document only teaches of such subsBtuents on poly(arylens 
vinylenea). 

J. Poly. Sol. Part A; Polym. Chem. Vol. 39 ^001) discloses a pofymer of repeat units of 
formula (b): 




THIS dlsdoMHa daaoflias use of fiuorinated sidechalnB as a mecms of daoraasing 
Interchain interactiona that have bean raportod to cause aggregaiion of pdyfluoranea 
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and contains no discussion of using such etedron defidenl sulwBtuenla as a means to 
Increase electron affinity. This polymer te dtedosad as showing no photoIumlneaoenoB. 

There are disclosures of dlphenyrtluorenea wherein the phenyl group canies 
subsBluents. howeuer «hes© sutsatituenis are electron donafing as measured i>y their 

Hammett sIgma constants. For example. WO 0(W22026 discloses a homopolymer 
having a repeat unit Of formula (aV 





(0 

Also diacloaad In this document are copolymers of (c) wHh dialkyHkJorene repeat units 
and with lilaiylamlne repeal units. Asyrometrto sutjslitution of the 9-posifion of fiuorene 
is desci1t)ed Ibr the purpose of avoiding polymer aggregation; this document contains no 
teaching of g-substltuents used for the puipose of enhanced electron injection of the 
fiuorene backbone. Similarty. WO 99«0676 discloaes a 1:1 copolynner of 9,9-dl^i- 
ootylfluorene and B.9-dl(4'methoxyphenyl)fluorene and \NO 01/62822 discloses a 
polyfluorene wilh trlaiyiamlne &«ubsfituents. 

JP 10095072 diedoses a molecule of fonnula (e): 
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(e) 

This is disclosed as an emissive material of ilia ^pe known as "small molecules" ralha- 
than polymere as described hereinbefore. This molecule la used in oonJuncBon with a 
separate, electron transporting molecule. The use of fluorine substibJents ort the |4ienyl 
ring Is not described fof the purpose of Increasing eles^ron afnnlty of ihe tuorena rtng; 
fluorine 8iA»tituenta are merely one of a l«ge number of possbls subsfitunrts for ihe 
phenyl ring disclosed in tNa dooumsnt 

It Is an object of the Invention to provide a high electron affinity material that is capable 
of functioning as an electrtsn transport material for a blue electrolumlneacent material. 
For the reasons explained above, su* a material would also be capable of ftjndkmlng 
as an ^eotron transport materia for a red or green matsrial. Furttiarmoiie, euch material 
may. as a re&ultof its torge HOMO-LUMO bandgap, be used as a bhja 
eleobx)lumine8oent material. 

Summary of the Invention 

The present InveritDrs have deAennlned flial Imprxived eledron injection, and ttiarafbre 
improved PUED perfbntiance, may be aooompBshed by incr^slng the dedran affinity of 
knowvn potyfluorenes. 

Accordingly, In a first aspect flie Invenfion provides a polymer oompHsing optionally 
substituted first repeat unitd of Ibnnula (1): 
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whereto) Ar is seladiecl firom: 

(a) aramafic hydrocaiton subaWutBd wRh at leaat one eleotnon wiihdreiwlng gnoup or 

(b) etadron withdrawing heteroaryl. 

Piafarably, the polymer oompitoas repeat unita of formula (11): 




Ar-^^r 
01) 

whei^ eadi Ar Is indepandenSy selected ftom: 

(a) aiomatic hydrocarbon eubdtituted wMh at least one electron withdrawing group or 

(b) electron withdrawing tieteroaryl. 

Prafarrad Ar groups according to (a) are IndeparHJentty selected from units of formula 
(III): 




wherein n la from 1-3 and Ri-f^ are independently selected linom: 
- hydrogen; 
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. solublltelng grmips selected ftom rfkyl. alkoxy. arylalkvl and heteroarylalkyi; and 
« electron withdrawing groups 

such that at least one of RrRs te an electron withdrawing group. Most preJerably n - 1, 
i.e.Arlsphmyl. 

Another prefened e^ Of AT OroUps ecoordbig to (a) are ftjsed ammatts hydrooartxins 
such as naphthalene end entinracentiL 

Preferably, the electron withdrawing group is selected from: groups comprising fluorine, 
c^ano, nltro. carboxyl, amides* ketones, pho8ph!noyl, phc^phcffiates. sidlbnes and . 
esters. More preferably, the at least one electron withdrawing group Is selected from 
fluorine atomSp fluoroalkyi, fluoroaryl and fluoroheteroaryl. 

Preferred eleotron witfidrawing heteroaryls according to 03) are optionally substlhJlsd 
containing heteroaryls. In particular optionally subslftutod pyridines, most particularly 
pyridln6-4-yl; pyrezlnee; pyrimfdlnes; pyridazlnee; triazlnes, most particularly 1,3,5- 
lriazIne-2-vl and oxadlazoles. The electrcNi wttidrawlng heteraaaryl may be eubsUtuted 
with electron withdrawing groups as outlined above to further fncrease Its eladron 
wlthdrBwIr^eftecL 

• Preferably, the polymer according to ttie Invention comprises a second repeat unit More 
preferably the second repeat unit Is seieded from triarylamlnes and heteroaromatlcs. 

Preferably, the polymer ecconJIng to the invention le capabte oftransporHng eledrona. 
In addl&on, ttie polymer preferably has at least one segment capable of hole transport 
end / or emission. Two or more functions of hole transport, electron transport and 
emission may be provided by the same segment. In particular, a single segment may 
fUncfion ^ both an electron transporter and an emitter. 

In a second aspect, the Invention provides an opflcal device, preferably an 
eleotnc4Mmfnescent devhse^ comprising a polymer as described above. 

ir^ one embodiment of the second aspect Is provided an electroluminescent device 
comprrstng: 

- a first electrode for InJecSng charge carriers of a first type; 
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« a eeoond electrodd ion inJecHng charge carriers of a second type; and 

- an emtesive layer comprising a polymer aocording to the first aspect of the Invenfion 
between the first and second electrodes. 

The emidslve materlai within tte emissive layer may be the polymer acoording to the first 
aspect of the invention or another material, prefsrably another polymer, blended with the 
polymer acoording to the first aspect of ttie invention. Praferablyi the polymer according 
to the first aspect of the invention is csfiabie of tnar^porting elednDns in IMs device. 

in a ttiird aspscU the Inv^on provided a monomer compriaing an optionally substituted 
compound of formula (iV): 



herein eadi P independeijtly represents e polymerisable gnDup and Ar is as defined 



PnsliBrably, the monomer ramprises an optionally substituted oomimund of fomnula (V)r 



Preferably, each P is independently selected from a reactive tsoron derivative group 
selected from a boronio acid group, a boronlc ester group and a borane group and a 
reactive halfde group. 

In a fourth aspect, the Invenflon provides a process for preparing a polymer comprising a 
step of reacting a first monomer as descrlt>ed above with a second monomer that may 

be the same or different from the first monomer under conditiDns so as to polymerise the 

monomers. 




• (iV) 



alKive. 




(V) 
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Pi^^rably, ttw prooe89 convnieeB polymerf^ng in a reacfton inbdure: 

<a} a monomer aocordinfl to the IhW aspect of the Invenlton wherein each P to a 
boron derlvatfve ftincHonal firoup aislected from a twronic add group, a boronle 
estBT group and a borane group, and an aromatic monomer having at least wo 
reactive haHde fUn^onal groups: or 

(b) a monomer acoording to the third aspect of the Invention whorein each P te a 
reactive hallde funCBonal group, and en aromatic monomer havir>g at least two 
boron derivative functional groups selected from boronic add groups* boronio 
ester groups and borane groups; or 

(c) a monomer acoording to the third aspect of the irrverttion wherein one P la a 
roaoHve hallde fUncHonai group and one p is a boron derhraffve fUrustfonal group 
seleded Itom a boronle add grow, a boronio ester group and a boiane group. 

wherein the reacBon mixture comprises a catalytic amount of a catalyst suitable Ibr 
catalysing the potymerlsaOon of the arorrvattc monomeiB, and a base m an amount 
sufRoient to convert the boron derlvetlve functional groups into boronate antonic groups. 

The inventors have fbund that polymers according to the Invenfion function effectively as 
electron transporting materials for red. green or blue ©lectroiumtoiescent polymers 
without advsreely aflbcting device properHas as has been found far systems having 
allphafic electron withdrayutng g-eubslltuents sudi as pafluoroaDvl. 

Detailed DMcrfpllOik of the Inwenfloii 

The polymers prepared using monorrara aocordir^ to the invention may l>© 
homopolymeis or coROlymers. A wide range of co-monomsis for polymerisation virtth me 
monomers of me Invention will be apparent to the person, Examples of 
comonomeiB indude triarylamines as disdosed In, far example, VtfO 99/54385 and 
heteroaiyi unite as disdosed in. fbr &wmpte. WO 00/46321 and WO 00ffiS927. 

Particularly preferred triaryterrtne repeat unite for audi copolymers Gndude units of 

fomrtulae 
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X and Y may be the same or dffTerent and are substituant groups. A, Bp C and D may be 
the same or different and ana subsUtuent groups. It is prafiarred that one or mora of X, Y. 
A. B, C and D Is Independently seleoted fium the group consisting of alkyi, aryl, 
perfluonoalkyi, thioalkyi, c^no, atkoxy, heteroaryU alkyFaryl and arylalky) groups. One or 
mens of X, Y» A» B« C and D also may be hydrogen. It la preferred that one or more of X. 
Y, A, C and D Is Independmtly an unsubsBtuted. iaolsutyl group, an n-alkyl. an n* 
alkoxy or a trffiuoromathyl group because they are suitable for helping to select the 
HOMO level and/or tor Improving solubility ofthe polymer. 

Particularly preferred hetenoaiyl repeat units for such copolymers Include units of 
formulae 7-21: 
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Wherein Re and R? am the same or cOffiarent and are each' Independairtiy a substfluBiii 
OTOUp. Preferably, one or boih of R« and Rr may be seieclBd from hydrogen, alkyl. aiyl, 
perfluoroalkyl. ihioalkyi, pyano, allcDxy^ heteroaryl, alkyiaryl. or arylalKyl. These oraups 
are prafefred tor ihaifflme reasons aa discussed In relaliontoX. Y« A, B.C and D 
above, preferably, fcr ease of maniitecture,R» and Rt are the same. More preferably, 
tti^ are the same and are each a phenyl graup. 
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16 17 
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21 



Eledron withdrawing groups / hetBroaryte suitable for fnonomere and repeat uitits of 
fonnula (I) according to iha Invention win be apparent to the skilled parson. In particular, 
those subsBtuents / heteroaryls having a poaWve Hammett s^ma conetart may be 
suitable. The electron withdrawing groups / haterparyis should prefBraWy be selected id 
avoid Interference with the polymertaaiion of the monomer, e.o. by atarie hlndmnee. 
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Qectron withdrawing gmupj^ Ar according to (a) or (b) m^y ba pnavided with solubilising 
groups. Particularly pneferred as solubilteing groups are optionally substituted, branched 
or linear Ci^alkyl or alkQ)Qf, more preferably C^ioalkyl. 

The polymer according 1o Ihe Invention may be a homopolymer or a copolymer Where 
ft is a copolymer, it may be a 1:1 copolymer, random or block copolymer A block 
copolymer according Id the Invention may comprise at least two rsgtons selected flrom: 

- a hole t^qsorting region 

- an electron transporting region 

- an errrisstve region. 

The ftjncQons Of charge transport and embsion may be provided by a range of moieties 
yfhldh wDI be apparent to the sidlled p^wn, as described in. for example. WO 00/55927 
orUS83S3083. 

Preferred metiods for polymerisation of the monomers according to the invention ara 
Suzuki polymerisation as descnl^ed In, tor example. WO 00/53556 and Yamamoto 
polymerisation as described In, for example, T. Yamamoto, ^Electrically Conducting And 
Thermally Stable n-Conjugated PolyCarylane)8 Prepared by OrganometalUo Processes^ 
Progress In Pcdymer Soienoe 1993» 1 7. 1153-1205. 

Examples 

Monomer examples 

Monomers according to the Invmtion may be prepared in accordance with the following 
scheme: 
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P(0Me)3 



KOH 
Tfduena 




Br- 




Bi 





■Br 



Acefioaoid 



HCi.120PC 




AlvBr 
BuLI 

Br THF Br 




Modelled exampfaM 

The efted of appending various gtngp© to ilw phenyl rings of fi,9^lphenylfluorena 
repeat unit HOMO and LUMO levels was caioulated using AM1 from the A^4PAC 
«oflwBie package (1) and ZINDO calculation© from Ilw Gauealan eoflware paokaga (2)> 

1} AM1 In Ampac program paokaga 

Anvtao 5,0 User's Manual, © 1904 Semlchanj, 7128 Summit, Shawnee. KS 66216 
2} ZINOO flrom Gaus»an software: 
Qausslan 08, Revision A^, 

M. J. Frtscsh, O. W, Truoka, H. 6. Gchlegal, G. E. ScuBeria, 

M. A. ftobb, J. R. Chaoaeman. V. G. ZatazewaW. J. A. Montgomeiy. Jr., 

R. E. Stiaitmann. J. C. Buiant, S. Dapprioh. J. M. MWam. 

A- D. Daniels. K. N. Kudin, M. C. Strain, O. Farkaa. J. Tomasl. 

V. Barene, Wl. Cosai. R. Camml, B. Mennucd, C. Pomelll, C. Aifamo, 

S. Cllfkwd, J. OchteraW, G. A. Patarason, P. Y. Ayala, Q. Cul, 

K. Morokuma, D. K. MaOck. A. D. Rabuck. K. RaghavaOhari, 
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J. B. Fdrranrntn J. CIdslovrakI, J. V. Ortiz, A. G. Baboul, 

B. B. 8t6fanov. G. Uu, A. UasF^nko. P. PIskott, I. Konwroml. 
R. GomiaeitB. R. L Martin, D. J. Fox, T. K^. M. A. Ai-Laham. 

C. Y. Pens, A. Nanayakkara. M. ChaUaoomba. P. M. W. 

B. Johnson, W. Chen, M. W. Wong, J. L. Andtaa. c' Gonzalez, 
M. Head-Gordoa E. S. Replogie, and J. A. Popie, 
Gaussian, Inc., Htisburgh PA, 1998. 
The results are summarfsed in tha table below: 



Strudim 




BOMD 

m 


LUMO 




FB 


-7.84 


ao4 






-7.79 


-O.Ofi 




pdpf 


-8.16 


-O.'IO 






-8.08 


-OJO 




dasdpf 


•8.36 


-0.72 






■8.25 


-1.10 




cii^ir 


-7.70 


-0.01 
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CSdpf 


-7-68 


0J)0 




faadpf 


-7.69 • 


0,04 



As can b« seen from these examples. rapJacement of octyl with phenyl has a relathfely 
email effect on LUfk^O levef, however a ejgnlflcanl change te only effeoted by sUssHtuBon 
by electron vwHhdrawIng groups suCh as fluorine or peifhioroalkyl. By comparteon wllh 
unsubstitutBd dlphenymuorene, U can be esen thai alkoxy groups aubsBtuted In the paia 
posiflon, aa par the prior art, are not predicted to show any elB(Aron urtOidrBWlng 
character. This is ooTOteteni with knofwn etectron wtthdrawlng properties of such 
eubstituentB. In particular their negafive Hammett algma comtanlB. 

Polymer Examples 

PolymaiB according to the Invention having formula P1 were prepared by Suzuki 
polymerisation In acconJanca witfi the process described In WO 0D«36e6, by reaction c 
the foilowlr^ monomers in the ratios e^ out in the table batowr. 

2.7'<fio)aaiaborane-d.9-di-<n-octyl)lluorane 

2,7-dloralat>orane-9,^i-(4-trifluorome1hy1phenyl)fluon3ne 

N.rWI(4*romophenyIH»H4-Beo4Hrtyiphei^ ( to produce the TFB" repeat unit 
shown belOMr) 

Di [N.(4-bromophenyl>-N-(4-n-butylphenyl)h*enyiBne-1,4-diaminB (to produce the 
"Y^FB" repeart unit shown below) 
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PFB TFB 
PI 

Wherein wt^ X + y <4-z « 1, w + z a: 0.5, 0 <s X + y <s 0^, z > 0 and n & 2 
ParOcular embodimants are as IbHowK 



Example 


w 


X 


y 


z 


1 


SO 


10 


10 


30 




50 


0 


10 


40 


3 


0 


0 


so 


60 


4 


0 


■ 0 


0 


100 


5 


GO 


0 


0 


60 



Where TFB and PFB are present, as in esoaimple 1, the polymer may function as a biue 
eleotroiumlneaoent polymer as daambed in WO 00/SS927. 

Where TFB is present and PFB Is al^sent the polymer may be a blodc copolymer wfth 
hole end ^edron transporttng segmente (example 2) or a 1:1 regioregular hole 
transporting copolymer (example 3). It may also show blue elecbrolummescence. 

Where TFB and PFB are absent, tti© polymer may be used as an electron transporting 
polymer for a red, ^reen or biue olectnoiuminescent material (examples 4 and 5). 
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Devi60 Example 

A device acooid!ng to the invenfion vfas prepared aft toUcttM: 

1 ) Depositing poly(ethylenedloxylhlopher>e) / polystjrone sulfonate (PEDT / PSS}, 
available from Bayer ® as Baytron P ®, by spfn coating onto an Indium tm oxfde 
anode eupporfed on a glass substrate (available from Applied Films, Coloiado, 
USA). 

2) Depositing polymer P1 onto the PEDT / PSS by aprn coating from xylene solution 
having a conoentraiion of 2 % w/ v. 

3) Depositing a cathode comprising a first layer of calcium and a second layer of 
alumltrium by evaporation onto the polymer PI . 

Although the present Invention has been described in temis of spedfic exemptary 
embodiments, It will be appreciated that various modifications, afteratlons and / or & 
combinations of feaiUres disdosad herein v^l! be apparent to those skilled in the art 
without departing from the spirit and scope of the invention aa eel forth In the following 
cialmfi» 
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Ciafms 

1 } A polymer comprising opfionaUy substftuted first repeat units of formula (I): 




0) 



v4^erein Ar Is sslBClerl from: 

(a) aromatic hydrocarbon aubstibJted with at least one electron withdrawing group or 

(b) election wMidrawIng hetaroaryl. 

2) A polymer according ip claim 1 comprising repeat units of fonnula (II): 




wherein each Ar Is independently selected from: 

(c) aromatic hydrocarbon substituted wilh at least one electron withdrawing group or 

(d) electron withdrawing het&roaryl. 

3) A polymer acconjling to daim 1 or 2 wherein-each Ar Is Independently selected finom 
units of fomnula (III): 




(HI) 

wherein n Is from 1-3 and Ri-f^ are Independently selected from: 
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- hydrogen; 

- Bolubilising groups seteded from alM, alkoxy, aryldlkyi and hetm>arylalkyl; and 

- electron withdrawing groupa 

BUiA thai at laast one of Ri-Rs ia an eteotron withdrawing group. 

4) A polymer according to any praceding claim whareEn Ar \s phenyl or oHgophenyl 
substituted with at Iea$t one electron withdrawing group and the at least one electron 
wFthdrawing group is selected from: groups comprising fluorine, cyano and nitro. 

6} A polymer according to claim 4 wherein ttie at least one electron withdrawing group 
ia selected from fluorine atoms, ftuoroalkyi» fluoroaryl and fluoroheteroaiyl. 

6} A polymer aocoidlng fo dalm 1 or 2 wher^n Ar ia an electnon withdrawing het&raaryl 
aeieidad Itom optionally aut)s&tuted pyitdlnas and triazinn. 

7) A polymer according to any preceding claim comprising a second repeat unit 

B) A polymer according to dalm 7 wherain ttie eecond repeat unit is selected ftom 
trfarylamlnm and heteroaromatlcs. 

d) A polymer according to any preceding dalm that ia capable of trarisporting elactrona 

10) A polymer according to claim 9 that cornprfaes at least one segment capable of hole 
transport and / or emlaston. 

1 1) An optical device comprtalng a polymer according to any one of dalnoa 1 to 10« 

12) An optical device according to daim 11 that Is an electrolumlneacent device. 

13) An eleotfolumtneeoent device comprising: 

a first electrode fi^r injecting charige carriers of a first type; 

- a second electrode Ibr Injecting Oharge carriers of a second type; and 

- an emissive layer comprising a polymcn- according to any one of daims 1-8 l^etween 
the first and second electrodes. 
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14) A monomer comprising dn optionally substituted compound of fdmiula (IV): 




wherein eadi P Independently represante a polymerisable group and Ar la ae deflned 
in any one of claims 1-6. 

15) A monomer according to cl^Im 14 comprising dn opfionally substituted compound of 
formula (V): 




wherein each P fndepandenfly represents a polymerisable group. 

16) A monomer according to dalm 14 or 15 wherein each P Is Independently selected 
ftom a readlve boron dertvaave group selected ftom a boronic add group, a boronfc 
ester group and a borane group and a reacOva hallde group. 

17) A process for preparing a polymer comprising a step of reacting a first monomer as 
defined in any one of claims 14-16 a second monomer that may be the same or 
different l«im the first monomer under conditions so as to polymerise the monomers. 

18) A process ft>r preparing a polymer according to dalm 17 which comprises 
polymerising In a reaction mixture: 

(a) a monomor according to dalm 16 wherein each P Is a boron derivative funcBonal 
group selected fifom a boronic add group, a boronic ester group and a borane 
group, and an aronr)at!c monomer having at least two reacHvp haiide fUncilonal 
grcHJps; or 
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(b) a monomer accopdind to claim 16 wherein BBtSt P ia a reactive halide functional 
groups and an aromaflo monomer hairing at leaat tm boron derivative ftincBonal 
groupa eelected flnom borordc add groutis, boronic eater groupa and borana 
groupa; or 

(c) a monomer acconSing to daim IB v^erdh one P te a readh/e haltde luncBonal 
group and one P la a boron derlva&ve functional group aelected from a boronic 
add droup» a boronic ester group md a borane group. 

whemin tha reaction mixture comprises a catalytic amount of a catalyst suitable for 
cataly&fng the polymertsafion of the aromatic monomara, and a baae In an amount 
8Ufndent to convert the boron deriraOve ffunctional groLV>$ into boronata anionic 
groups. 
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